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The internal structure of the epidermal Langerhans' 
cell granule (LeG) was studied with optical transforms 
of electron micrographs representing 3 planes of section-
ing. Its "limiting membrane" exhibited linear disconti-
nuity with a periodicity of about 11 nm similar to the 
structural repeats of the core (10.8 nm) in both the 
"outer" and the "internal leaflets." The average thick-
ness of the non vesicular part of the LeG was 55.7 nm. 
Disarray present in the optical diffractograms was in-
compatible with crystallinic or paracrystallinic orderli-
ness of the periodic structure in the LeG. The structure 
appeared as an assembly of 4 sheets of roughly hexago-
nally packed particles: The stacked particles of 2 sheets 
in orthogonal contact forming the core (13.2 nm) were 
separated by an intermediate space (2.7 nm) from the 
single sheet of the outer layer and staggered by one-half 
the particle diameter on cross-sections. The validity of 
this model was inferred from the similarity of optical 
transforms of model structures. 
The Langerhans' cell granule (LCG) was first identified by 
Birbeck in 1961 utilizing electron microscopy [1]. Since then 
there has been great interest and controversy regarding its 
internal structure. Studies by others have included inspection 
of electron micrographs [1,2], serial thin-sectioning of electron 
micrographs [3], freeze-fracture studies [4,5], microdensitome-
try studies [6], and optical diffractometry of electron micro-
graphs using en face oriented LCGs [5,7]. 
There has been general agreement as to the granules' discoid 
shape, and the internal structures being enclosed by a limiting 
membrane. More recently, it has been suggested that the LCG 
has a crystallinic structure with an orthogonal array [5-7]. 
However, the structure and periodicity of the core, the period-
icity of the "internal leaflet" of the "outer membrane" [2], the 
number of layers of this "outer membrane," and the origins of 
this granule have remained controversial. 
Our study investigated the non vesicular part of the granule 
by optical diffractometry of electron micrographs (EM) ofLCGs 
present in various planes. This method appeared ideally suited 
for the determination of structural periodicities from optical 
transforms of images (diffractograms). The derivation of quan-
tified conclusions about the granules' architecture appeared 
thus possible without the need to know the exact, yet undeter-
mined shape of the individual particles contributing to the 
internal structural array. In our work, much to our surprise, we 
were unable to find a linear, homogeneous, limiting membrane, 
and a paracrystalline or crystalline orderliness [5,7] could not 
be substantiated. LCGs studied in en face presentation of EMs 
[5,7] usually presented views of the lattice at widely differing 
planes of tilt, which easily escapes detection by the naked eye. 
Manuscript received December 11, 1980; accepted for publication 
April 20, 1981. 
This work was partially supported by the G.T. Evans Fund, Depart-
ment of Laboratory Medicine and Pathology. 
Reprint requests to: Dr. Walter Runge, Department of Laboratory 
Medicine and Pathology, University of Minnesota, 3-155 Jackson Hall, 
Minneapolis, Minnesota 55455. 
Abbreviations: 
LCG: Langerhans' cell granule 
421 
This situation was not different for cross-sectioned granules 
[3]. Because the electron micrographic image is the projection 
of a three-dimensional object into a plane, which involves 
distortions, the diffractometric analysis of the object requires 
study of many different views from sections cut in different 
planes. 
MATERIALS AND METHODS 
The skin used in this investigation was obtained from the back of a 
17-yr-old Caucasian female. Punch biopsies were immediately fixed in 
collidine buffered 1% osmium tetroxide and embedded in Epon 812. 
The blocks were sectioned with an LKB ultra tome, and the sections 
stained on the grid with uranyl acetate and lead citrate. An RCA EMU 
3G electron microscope was used to examine the grids, and electron 
micrographs were recorded on Tap 10, which was previously calibrated 
to yield a magnification of 32,820 ± 5%. The calibration was carried out 
in the usual manner with grating replicas [8]. The ± 5% tolerance 
represented the accuracy interval for all our linear data. 
The extraction of information of fine image detail with the optical 
diffractometer to obtain measurements of linear and rotational periodic 
spacing has been discussed in detail in many specialized texts [9,10]. 
However, the spot patterns obtained from electron microscopic images 
of sectioned small biologic materials !Il'e usually of a complex nature, 
and their interpretation requires some familiarity with the physical 
principles and the theories of diffraction by two- and three-dimensional 
periodic lattices [11-14] . 
In order to avoid difficulties in the interpretation of the optical 
transforms due to fluctuation in magnification, one electron micrograph 
was selected which contained many LCGs in focus ami in different 
orientations, Fig 1 showing a typical area. A total of 48 images of 
granules was studied in this work. 
Slightly enlarged, reversal-processed copies of the original ftlm neg-
ative were made on "Kodak Projector Slide Plates." The !Il'eas to be 
studied were defined suitably with opaque masks of circular or rectan-
gular aperture placed with the aid of a magnifier on the copy glass 
negatives. Glass plates were required for optical reasons and negative 
images usually showed minimized aperture effects. The masked off 
image !Il'ea was placed on the stage of the diffractometer with a 
standardized orientation of the long axis of the LCGs and with the 
emulsion perpendicularly facing the incident beam. To boost resolution 
of periodic geometry in optical transforms of LCGs in cross-section, 
diffractograms of large fields were obtained containing more than one 
LCG, e.g. Fig 2: seven. The inherent process of convolution of image 
detail presented averages of all structural repeats. 
Our Abbe-type diffractometer was designed and constructed as a 
linear arrangement by one of us [WR] using information from Thon 
and Siegel [15]. The main lens system was asymmetric with a Roden-
stock "Apo-Rodagon" as the objective lens focused precisely on the 
emulsion .of the object photographed. The masked off image !Il'ea was 
coherently illuminated by the expanded, spatially filtered beam of a 
low power HeNe-laser. A mask aperture of 29.5 mm diameter could be 
accommodated. The instrument was calibrated with photographic con-
tact copies of Ronchi gratings (50,100 lines/ inch). The optical trans-
forms were recorded, for convenience, on Polaroid P /N 665 film. 
Alignment and focus of the diffractometer were maintained with use of 
a collimator and a microscope. 
The spot patterns of the transforms were measured at 10 or 20x 
magnification on a Nikon 6C optical comp!ll'ator with digital readout. 
Direct length meaSUTements on original electron micrographic nega-
tives recorded at Tap 12 (50,400 ± 5%) was also made on this device 
using 20x and 50x magnification. The associated instrumental error of 
the measurements was determined with the NBS traceable scale #2850 
to have an average error of 3 jLm over a range from 0-50 mm. OUT angle 
measurements had an error of ± 1 min. 
All measurements were repeated at least 6 times by 2 different 
persons. The statistical analysis of the data and the necess!ll'y conver-
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FIG 1. The group of Langerhans' cell granules depicted at 105,000x 
shows their usual appearance in cross sections (plane xy). The struc-
tural preservation shown is typical for the electron microscopic material 
used in the study, and the letters correlate Langerhans' ce ll granules to 
the optical transforms shown in Fig 2-8. The insert defines the spatial 
orientation of the Langerhans' cell granule for the representation and 
cliscussion of ow' datil. 
FIG 2. The insert shows a circular field containing 7 LCGs in cross-
section at varying angles' of t ilt. The vesicular parts of the granules 
were masked off; only the nonvesicular parts of the Langerhans' cell 
granule contributed to the complex diffraction pattern which "by con-
volu tion of periodic image detail represented average information over 
the fie ld. T he spot at 55.7 mm on the X' axis corresponds to the 
average thickness of an LCG in this field. T he other nine spots await 
further analysis. The grouped spots on the Y' axis between 9.3 and 
10.3 nm represent the periodicities in the cores and the membranes. 
The curvature of the spot group indicates til ting of the granules a long 
the x axis. 
sion of the spot spacing into length was done with a programmable T I 
59 electronic calculator. Specia l programs en"abled complete Fourier 
analysis of microdensitometer trac ings with a J oyce-Loebl Isodensitra-
cer and of measurements on hypothetic models. Furthermore, two-
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climensional model structures for diffractometry based on var ious pat-
terns of tangent opaque disks of unit d iameter were made using scaled 
reduction to photographic negatives on glass plates. Some of these 
models were photographed at defined angles of tilt at 0°, 30°, 45° and 
60° for subsequent diffractometric analysis. 
GENERAL NOTE 
The optical transform is an optical diffractogram, in th is case 
using an image as a replicate object. The dimension in optical 
transforms is the reciprocal of the distance (l / d). However, to 
avoid confusion , the axial position of the diffraction maxima 
(spots) is given in nanometers on Fig 2- 8. For physical reasons, 
the origin of the pattern has to be taken as representing infini ty 
(1/0 = 00). As usual, asterishs have been placed on the axis 
labels of the optical transforms to denote the reciprocity of 
transform space. The periodic streaked spots seen on the hori-
zontal axis of optical transforms from rectangularly-masked 
areas (Fig 3-7) are caused by aperture effects, which obstruct 
information along this axis. The symmetry of the pattern itself 
(= t he angular relations between diffraction maxima) is not 
changed by the distortion of spots (Fig 5, 7) from the shape of 
the mask aperture. With circular masking, such aper ture effects 
are minimized. The label of the transform axes is consistent 
with the scheme of three-dimensional orientation shown in Fig 
1 and Fig 10. 
RESULTS 
The periodic structure exhibited by sections of Langerhans' 
cell granules on EMs (Fig 1, Fig 8) suggested that they may be 
suitable objects for diffractometric study to derive quantified 
estimates of their structural parameters with a high degree of 
accuracy. To put the information derived from optical trans-
forms of electron micrographs in its proper perspective (on our 
electron microscopic preparations) and to provide criteria for 
correct interpretation of the spot patterns, direct measurements 
on EMs (see "Materials and Methods") were made a nd statis-
tically analyzed. 
The thickness of 5 Langerhans' cell granules well-defined in 
the electron micrographs was found to be 49.57 ± 1.3 nm. The 
"membrane" of this granule appeared to have 2 components -
FIG 3. The core of granule a (insert 170,000X) is rectangularly 
masked. The resul t ing diffraction maxima show 2 strong streaked spots 
on the Y' axis (which corresponds to the long axis of the core) at 10.5 
nm, representing the core periodicity. The line connecting the far ends 
of the streaks which is inclined towards the X' axis relates to the 
angular relation between the inner edges of the core particles. T he 
coarse pattern along axis X ' is generated by the short dimension of the 
rectangular mask occurring a lso in Fig 4-7. 
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FIG 4. The diffraction pattern is derived from the rectangu larly 
masked core of Langerhans ' cell granule c (Fig 1), a nonperiodic core 
(in sert 170,OOOx ). The overall pattern is comparable to that of Fig 3 
with more and grouped diffraction spots apparent. The brightest but 
str eaked spots occur a t centered 11.1 nm on the Y ' axis, most likely 
represent ing the main periodicity of the core. The difference in period-
icity wi th that of core a is significant (P = 0.001%). It l'esults from slant 
sectioning of the specimen. The occurrence of other weaker spots a t 
9.6, 7.8 nm and beyond with rotated structural rela t ionship suppor ts 
assumption of multiple tilts in more than one direc tion. 
FIG 5. The insert (l 70,OOO x ) shows a rectangulru'ly masked field 
c ontaining the apposing "membranes" of Langerhans' cell granules b 
a nd c (Fig 1) . S urprisingly, the complex diff ractogram exhibi ts ground 
maxima on the Y ' axis from 9.9 to 11.2 nm sirnilru' to that seen in the 
c ore. Homogeneous linearity of the "membrane" is no t evident. 
an " outer leaflet" estimated at 7.015 nm a nd a n " internal 
l e afle t " m easuring 8.46 ± 1.0 nm. The former value h ad to be 
estimated because of a frequ ently blurred appearance of the 
border between "outer " and "internal" leaflets on t h e EMs. It 
was d erived by subtracting the m easurable thickness of t he 
" internal leaflet " from the total thickness of the " m embrane" 
(15.47 ± 1.2 nm). The width of t he " intermediate sp ace" of 
FIG 6. The insert (l70,OOOx) shows a rectangular masking of the 
in ternal leaflet of the "membrane" of Langerhans' ce ll gra nule a (Fig 
1) . Again g:rouped spots occur on the Y' axis between 8.3 and 11 nm. 
This periodicity is very similar to that seen in a periodic core (Fig 3) . 
A line connecting the fru' ends of the pairs of grouped spots is at 32.5° 
wi th the X ' axis. The pattern is inconsistent with a lineru' continuous 
structUl·e. 
FIG 7. The insert (170,OOO X) is taken from the sam e ru'ea of apposed 
membranes as Fig 5. Here the rectangulru'ly masked ru'ea only includes 
the outer leaflet of the "membranes" of Langerhans' ce ll granules b 
and c. A number of streaked spots occur on the Y ' axis. The most 
in tense spots OCCUlTed grouped at 9.7 to I L l nm. This periodicity is 
indistinguishable from that of Fig 3 and 6 (core and in te rna l lea fl et). A 
line connecting the fru' end of these paired grouped spots is at 35° with 
the X' axis, which is not s ignificantly different from that seen in Fig 5 
and 6. Because of the nOl1l'egular spacing of maxima and the angul ru' 
rela tion between spots being diffe rent from zero, this pattern ciffers 
very much from one generated by a lineal' continuous (homogeneous) 
structure. 
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2.720 nm was calculated in a similar manner because of similar 
problems. The thickness of the LeG core (both periodic and 
linear types) was 13.17 ± 1.6 nm. The periodicity of the core 
particles was 10.79 ± 0.5 nm. This value included one gap and 
one unit length of a core particle (= one period). Not measurable 
was the apparent composition of the core from paired, apposed 
particles (2) because of too few clearly resolved sites. All ow-
direct measurements on EMs are summarized in the first col-
umn of the Table. 
In spite of their periodic electron micrographic appearance, 
the LeGs did not tw-n out to be objects easily analyzed with 
optical transforms. Many complex patterns were obtained 
which could not be interpreted. To alleviate this situation, 
substructures of LeGs were masked off and their spot patterns 
studied. However, many spots remained for which the related 
structural repeats could not be identified. 
FIG 8. The insert shows a typical Langerhans' ceU granule In hori-
zontal view (en fa ce) (plane xz) magnified 170,0008. The white circle 
approximates th e area of the circular mask used. 'The transform shows 
2 pairs of strong spots and a weak pair. Each of these pairs occur.s with 
different separations. The included angle (V' V' ) between the strong 
pair is 78.5° . The weak spot pair on the W" axis is at an angle of 51 ° 
with the yo axis. This pattern is thought to originate from a nonorth-
ogonallattice, present with a considerable degree of t ilt. 
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To begin with, we studied the structw-al repeats in clusters 
of LeGs, e.g., Fig 2. The selection of a large circular field 
utilized mutual reinforcement of periodicities, and the inherent 
convolution of image detail in optical transforms yielded aver-
aged periodicities. The vesicular part of the LeGs was masked 
off and thus did not contribute to the recorded pattern. On the 
X* axis (Fig 2) the closest spot at 55.7 ± 0.1 nm corresponded 
to the average diameter of the Langerhans' cell granules pres-
ent, as inferred from the position of the spot pair as the closest 
to the origin of the diffractogram. Diffractograms recorded from 
other LeGs masked off gave similar results, which did not 
exceed the above value; 47.5 nm was the minimum recorded 
from one single granule. 
The spots between 9.3 and 10.3 ± 0.0 nm on the y* axis of 
Fig 2 represent periodicities in cores and membranes, as became 
apparent from diffractograms of these structures isolated by 
masking. 
Both types of cores usually seen in LeGs-seemingly ape-
riodic as well as periodic ones-were studied using rectangular 
masking. A periodic core (Fig 3) had a streak-like spot at 10.52 
± 0.02 run on the y* axis. The angle of 54° observed when 
connecting the far ends of the streaks (see "General Note") 
indicated that the core particles are not exactly aligned. The 
value of this angle was within the same order of magnitude for 
the various periodic cores studied. The exclusive presence of 
only 2 bright maxima in the pattern is most likely the result of 
a "series termination error" [11] because of the Limited number 
of particles in the field, rather than being attributable to a 
sinusoidal distribution of core particles. 
The largely aperiodic core of granule C (Fig 4), upon rectan-
gular masking of a clearly linear homogeneous segment, gave 
groups of spots including a wide streak centered around 11.06 
± 0.14 nm on the y* axis. The included angle between the faT 
ends of the wide streak and the X* axis was 51.5°, not signifi-
cantly different from a periodic core. Another bright maximum 
with different structw-al relation (43.9°) occurred at 9.62 ± 0.02 
nm near axis yo. On this axis a bright third spot pair OCCUlTed 
at 7.76 ± 0.02 run, with weak subsidiary maxima positioned 
beyond 7.76 nm. Assuming perfect axial conditions of imaging 
of the apparent shortening of core periodicity from tilt, with 
the structUTe being perfectly regular in the plane of tilt, then 
only one main periodicity would have occw-red in the flgw-e. 
The multiplicity of spots on and near y* was therefore felt to 
be the combined result of paraxial imaging of a structw-e 
undulating in the plane of sectioning, as observed in core c, Fig. 
1 and other aperiodic cores. The shorter periods at 9.6 and 7.8 
Estimates of internal structural parameters in Langerhans' cell granules (non·vesiclIlar part) 
Papmeter 
l. Thickness of LeG 
2. Thickness of: 
a . "Membrane" 
b. "Outer leaflet" 
c. "Internal leaflet 
3. Intermediate space, width 
4. Thickness of core 
5. Longitudinal Periodicity of: 
a. Core 
b. "Outer leaflet" 
c. "Internal leafl et" 
d. Intermediate-space 
- = no data available 
" = Microdensitometry. 
h = Not specified. 
< = Calculated. 
Direct. measurements on electron micrographs 
49.6 ± 1.3 nm 
15.5 ± 1.2 nm 
7.0 nm < 
8.5 ± 1.0 nm 
2.7 nmc 
13.2 ± 1.6 nm 
10.8 ± 0.5 nm 
Ref. J 
9nm 
" 
Ref. 2 
50 nm 
5.5-6.0 nm 
Ref. 3 
9 nm 
b 
Ref. 6" 
49-50 nm 
9-10 nm 
3-4 nm 
3-4 nm 
2.5 nm 
4-6 nm 
b 
Optical diffTactograms 
55.7 ± 0.1 nm 
10.5 ± 0.5 nm 
9.7-11.1 nm ± 5% 
(maximum at 
ILl ± 0.5 nm) 
8.3-11.0 nm ± 5% 
(maximum at 
9.7 ± 0.5 nm) 
8.3-10.9 nm ± 5% 
(maximum at 
8.9 ± 0.4 nm) 
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nm corresponded by calculation to tilts of about 29° and 44° 
around axis x. 
To obtain diffractometric information on the structure of the 
"membrane," we used a rectangular field containing t he "mem-
branes" of 2 apposed granules (Fig S) which generated on and 
near the y * axis several diffraction spots between 11.2 to 9.9 
nm and below, values similar to those observed with the core of 
LeGs. The included angle between the X * axis and the far ends 
of the spot group was 29.6°, much different from that of the 
core. The pattern apperu·ed complex, not amenable to interpre-
tation without reCOUTse to optical transforms of the structural 
components of the membrane. 
To determine the individual contribut ions of the "outer" and 
"internal" leaflets to this pattern, we isolated with appropriate 
masking a single well-resolved "internal leafl et" (Fig 6) and 
again noted a bunched spot group on the y* axis between 8.3 
to 11.0 nm, its far ends being at an angle of 32.S o with the X * 
aXLS. 
The pattern of optical transforms recorded from isolated 
areas of "intermediate space" was virtually indistinguishable 
fro m the spot pattern of the "internal leafl et," with a group of 
streaked lines appearing between 8.3 - 10.9 nm ± S% on axis 
yo, where the brightest streak was at 8.87 ± 0.4 nm. The small 
difference from the position of the most intense line shown by 
t h e "internal leaflet" was not significant. 
Upon isolation of the "outer leaflets" of two apposed Langer-
hans' cell granules (Fig 7), we again noted a spot group config-
uration similar to that of the "internal leaflet" and of the core 
at 9.73 ± 0.0 to ILlS ± 0.02 nm with an angle of 3So with the 
X* axis. Isolation of single "outer leaflets" with rectangular 
masks resulted in similar to identical spot positions, but with 
more streaking of the maxima due to the very narrow mask 
aperture required. In no instance was there evidence of linear 
homogenity of the "outer leaflet" of the "limiting membrane." 
Linear continuous (homogeneous) membranes, e.g., plasma 
membranes of LeGs recorded and isolated in the same manner 
gave optical transforms with a series of regularly spaced, 
streaked maxima and subsidiary maxima, centered on the trans-
form axis. This pattern was as predicted from the theory of 
diffractions of 2 parallel slits [11]. The last column of the Table 
s ummarized all our structural parameters of the so-called rod-
s haped (2) part of the LeG which could be extracted from the 
optical transforms during this study. 
In comparison to the cross-sectioned LeGs, the interpreta-
t ion of the optical transforms from en face positioned ones 
yielded less quantifiable information. The optical diffracto-
grams obtained from granules seen en face were recorded with 
circular masking. This circulru· masking minimized aperture 
effects in the pattern. In a typical diffractogram (Fig 8) the 
brightest spots formed the corners of a parallelepiped with a 
spacing in unspecified directions U' = 12.13 ± 0.16 nm, V* = 
11.2 ± 0.08 nm. The angle between these spots was 78.So. A 
second weak spot pair occw-ring at an angle of SO.8° with the 
U* axis was at the distance of 8.31 ± 0.02 nm on axis l¥"'. With 
other LeGs in en fa ce presentation, sirnilru· spot distances were 
found. The ratio of the axial separations of the brightest spots 
was slightly larger than 1.0 (Fig 8: 1.03). The angular relation 
between the diffmction spots was always non-or thogonal, yield -
ing widely vru·ying angles of 8S.9° ± 40° and 60.6° ± 38°. 
An efficient way to gain insight into the geometry of par ticle 
packing in the nonvesicular part of LeG with the available 
e quipment appeared to be the compru·ison of the optical trans-
forms of the electron microscopic images with those two-di-
mensional model structures, a method utilized in x-ray crystal-
lography of complex structw-es [11]. Since t he clarification of 
the packing of an array was the goal, neglect of the exact 
particle shape and deviation in the scale of the models could be 
tolerated. The inserts in Fig 9, A-C, depicting some of oUT 
models were reproduced with different scales due to space 
constraints on the accompanying optical transforms which were 
recorded from models with identical scales. Fig 9A and A' were 
obtained from the same model, namely a hexagonal array 
FIG 9. A-C, Optical diffractograms generated by t he model struc-
tures shown in the inserts. A, Hexagonal array of tangent disks, t hought 
to represent the surface grid shown by LCGs in en fa ce view. The blach 
circle encompasses t he fie ld of t he circular mask llsed. A ', T he same 
model but tilted about 60° in the longitud ina l plane of the page. 
Compare this pattern with Fig 8. B,C, Models of cross-sectioned LCGs 
of slightly different structure. T he spot patterns are rotated 90° to 
show the posit ion of t he models in their optical transforms. In Fig 9C 
the rectangular area of the model served to record its optical transform. 
Any apparent asymmetric intensities are caused by the photographic 
reproduction. Compare these patterns with Fig 2. 
composed of tangent, opaque disks having a so-called 6 + 1 
motif. For Fig 9A' this model was til ted approximately 60° 
ru·ound the major axis of the array pru·aIlel to the width of the 
page. The projective shortening sinmlated presence of a grid-
like structUTe, which gave rise to a diffraction pattern very 
similar to that from LeGs in en fa ce presentation (Fig 8). 
Optical transforms from different models of LeGs in cross-
sections were also obtained. Even with no particular effor t to 
achieve precise lineal alignment of the tangent, opaque disks in 
the models, the diffractograms were clean and highly struc-
tUTed, showing many spots. Fig 9B was recorded from a model 
with a paired core (2) and a single row of particles in the outer 
layer sepru·ated by a free space of the width of a particle. 
Longitudinally the particles of the outer layer and the core 
were staggered by 1/2 particle (disk) diameter. This model in-
tended to simulate the electron micrograph of a perfect cross-
section of the nonvesiculru· pru·t of the LeG. The diffraction 
pattern itself was rotated 90° in the figure to coordinate the 
orientations of the model and the optical transform: the 2 pairs 
of spots in vertical position corresponding to the longitudinal 
axis of the model were caused by the periodicity of t he core. 
The coarse, very intense spots on the horizontal axis in the 
center of the pattern were generated by the width of the model 
convoluted with the mask aper ture and the various spacings of 
the core and the "outer layer." The spot pa ttern of this optical 
transform compru·ed very well to the one in Fig 2. Omission of 
it free space between core and "outer layer" in the models 
resulted in very different looking optical transforms. 
However, any electron micrographic true cross-section of a 
LeG was expected to be thicker than one layer of its particles 
and the plane of sectioning may not have coincided with the 
centers of these pru·ticles. T o approximate this condition , the 
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above model was modified by decreasing the free space between 
core and "outer layer" to a width of 1/2 disk diameter, and by 
placing another disk on the junction of the tangent disks in the 
outer layer. This additional disk was translated outwards by 1/2 
of its diameter. The resulting optical transform, Fig 9G, was 
highly structured and presented an arrangement of the spots in 
layer lines [12,13]. In Fig 9G the transform was rotated, as 
above, to show the axial projection of the model. Again, the 
core of the model gave rise to a streaked maximum on the long 
axis of the figure in the first layer line. The line of coaJ'se, bright 
spots in the center of the pattern represented products of 
convolution of the width of the model with the diverse spacings 
in the outer layer, the intermediate free space and the core. 
Again, this spot pattern resembles the spot pattern recorded 
from cross-sectioned LCGs in Fig 2. The weakness of the spots 
on the vertical axis in Fig 9 B,G is related to lacking reinforce-
ment of these periodicities by the many more repeat units 
contained in the diffracting image area of Fig 2. 
DISCUSSION 
With few exceptions, optical diffractometry has been applied 
in electron microscopy mainly to extract information of periodic 
spacing in structures from the optical transforms of electron 
micrographs rather than to formulate accurate views of ultra-
structural spacing at the molecular level which it is capable to 
resolve [11]. Exhibiting an apparent simple periodic structure 
on EMs, [1-3] such images of LCGs gave complex transforms 
which could not be understood from the information contained 
in the patterns, namely their symmetry and the spacing of the 
spots. Direct measurements of EMs, as well as recourse to two-
dimensional microdensitometry was necessary to derive an 
accurate view of the particle packing geometry in the LCG. 
Direct measurements of image detail in EMs of epidermal 
LCGs found in the literature [1-7] were scanty and generally 
without statistical verification. In view of this, and of the 
variables introduced by interlaboratory variations in tissue 
handling and electron microscopic techniques, the literature 
data was not taken at face value. New, statistically verified 
measurements on our EMs were compiled and related to the 
pertinent literature in addition to the results from our optical 
transform work (see the Table). This comparison illustrated a 
different problem: our thickness estimate of the LCG rods by 
direct measurement compared very well with that of K. Wolff 
[2] and E. RodI:iguez and I. Caorsi [6], but it differed consider-
ably with a difference of about -6 nm from our own thid;;; ess 
estimate obtained with optical transforms. This inconsistency 
may most likely be explained by the circumstance that usually 
a statistical average is based on a finite number of measure-
ments with some site selection bias as opposed to the spacing 
of diffraction spots, which represented averaged contributions 
from all the individual picture elements in the selected area. 
A thickness estimate of 53.2 nm for cross-sectioned non-vesic-
ular parts ofLCGs from optical transforms was reported earlier 
[16], but this value was based on more limited sampling. Our 
55.7 nm thickness estimate of the non vesicular part of the LCG 
was the plateau with optical diffractometry in our material. 
Because our direct measurements on the EMs used for optical 
transforms did agree .with those from 2 different laboratories 
[2,6], the greater 55.7 ± 0.1 nm estimate from optical transforms 
may be very close to the actual thickness of the non vesicular 
part of the LCG in electron micrographic specimens of human 
skin . 
The direct measurement of substructures of cross-sectioned 
LCGs in the EMs proved cumbersome and the information in 
the literature was very limited. The thickness estin1ates of the 
"membrane" and its individual constituents, the "outer" and 
the "internal" leaflets (Table) varied widely among the few 
studies in which they were measured. A plausible explanation 
for this could be differences in tissue fixation techniques and 
section thickness besides slanted sectioning and residual astig-
matism in the EM not apparent to visual 'inspection but influ-
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encing the electron micrographic images of these very minute 
structures. Because of a largely ill-defined border between the 
"internal" and the "outer" leaflet of the "membrane," the 
thickness of the latter had to be deduced by calculation. In any 
event, Rodriguez and Caorsi's data [6] were obtained from 
microdensitometric tracings in which the limits of structures 
are quite difficult to establish accurately. Also, the number .of 
evaluated tracings was not stated by these authors. Surpns-
ingly, their value and our calculated estimate of the interme-
diate space between "membrane" and core correlated. The 
reason for this may be coincidence. 
Diffractometric information as to the thickness or width of 
the "membrane," its "outer" and "inner leaflets," the interme-
diate space and the core were not extracted from the opti~al 
transforms, because of the extreme difficulty in separatmg 
object-related fine structure in the patterns from artificial str~c­
ture generated by unrelated periodicities, convolution With 
aperiodic picture elements and the aperture of the mask itself. 
Direct measurement of EMs of core thickness yielded 13.2 nm. 
No difference was found in the thickness of periodic and ape-
riodic cores usually seen in EMs. Both types of cores exhibited 
a similar periodicity on optical transforms (Fig 3,4). Our obser-
vations therefore concurred with the opinion of R. Sagebiel and 
TReed [3], which stated that the rod with an aperiodic core 
was merely a tilted cross-section of a periodic one. At this point 
it should be noted that in any thin section of a Langerhans' cell 
the specific granules were observed in cross-sections by all 
investigators only as the so-called "rods" [2] and/or "vesicles" 
(Fig 1); or as "grids" and/or "vesicles" (Fig 8) in horizontal en 
face sections. Thus, cross-sections had to contain morphologi-
cally indistinguishable views of the rod-shaped [2] PaJ-t of the 
LCG in 2 vertical mutually perpendiculaJ' planes. 
The periodicity of the core of 10.5 nm found on optical 
transforms was practically identical to that obtained by direct 
measurements (Table) . This periodicity was about 1.5 nm 
longer than the one reported by Sagebiel and Reed [3] and M. 
Birbeck, Breathnach, and Everall [1]. Most likely this deviation 
was due to the methodological differences discussed above. All 
periodicity estimates which were based on the definition of 
period length as including one maximum and one minimum of 
the structural repeat [ = one core particle plus one gap], differed 
greatly from Rodriguez and Caorsi's [6] core periodicity of 4-6 
nm. Not being entirely clear, their data representation may 
have meant only the separation of the core paJ,ticles used by 
Wolff [2] and given as 5-6 nm. 
In our work to quantify with the optical diffractometer the 
structural repeats present in the cores ofLCGs and even smaller 
substructures, the image area for study had to be reduced to 
the minimum in order to obtain interpretable optical transforms 
from the image of the structure with the least contribution from 
spurious and artificial detail. The unavoidable use of rectan-
gularly masked images with small aJ'eas had disadvantages. The 
shape of the mask caused distortion of the shape of the spots 
(Fig 3-7), and the relatively small number of structural repeats 
was expected to cause "series termination errors" in the optical 
transforms. 
What has been referred to in the past on electron micrographs 
as the "limiting membrane" of the LCG, upon study with 
optical transforms appeared to be instead a non-lineal periodic 
structure whose "outer" and "internal" leaflets had similar 
periodicities (Table). Interestingly, the lineal periodicity of the 
cross-sectioned "limiting membrane" is quite similaJ' to that of 
the core. Isodensity maps [two-dimensional] suggested the same 
conclusion. The optical transforms did not show evidence for 
presence of a classic biological membrane encompassing the 
structures of the nonvesicular part of the LCG. If such a 
membrane was present, it did not constitute an integral paJ't of 
this portion of the LCG remaining a sepaJ'ate structure of the 
surrounding cytoplasm. The possibility of recording artificial 
structural repeats in the "membrane" due to inaccuracies in the 
magnifier-assisted placement of mask borders was unlikely 
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because of good definition, density and size of the image ele-
ments. The suggestion of periodic spacing of particles in the 
"outer leaflet" of the "membrane" of the LCG may sometimes 
be seen directly on EMs, for instance in Fig 7 of Rodriguez and 
Caorsi [6]. 
The fmding on optical transforms that the boundary of the 
nonvesicular part of the LCG did not show a linear continuous 
" limiting membrane" appeared contrary to conclusions drawn 
from visual comparison of EMs of freeze-fracture replicas of 
normal epidermal LCGs with pathologic histiocyte granules in 
Letterer-Siwe disease by R. Caputo, Peluchetti, and Monti 
[5]. The structural resemblance of the 2 granules [2,4,5,17] 
suggested to most (i.a. 2,4,17) only appru'ent identity. Freeze-
fracture faces of the "limiting membranes" of Histiocytosis X 
granules were shown labeled "internal" or "external," in the 
illustrations of A. Breathnach et al [4] and Caputo, Peluchetti, 
and Monti [5] , which provided only one picture of cross-frac-
tured LCGs from a normal epidermal Langerhans' cell . Both 
authors reported random distribution of particles on either of 
the fracture faces of their granules, akin to that seen with the 
plasma membrane. This biologic membrane as alluded to above 
showed on EMs of thin sections entirely different optical trans-
forms than those recorded from the membrane of the LCG. 
The apparently divergent conclusions with fre eze-fracture may 
have been brought about by the accepted fact that exact surface 
replication may not be possible with simple freeze-fracture. In 
spite of many advantages in specimen preservation besides not 
being free from artifacts [18; 19], many general problems still 
remained for a correct interpretation of freeze-fractured biologic 
material, i.a., the topography and location of fracture planes. 
Even the possibility of inter-membrane spli tting was now se-
verely criticized. All these problems were recently discussed 
deeply by F. Sjostrand [20). A second look at the membrane of 
the LCG with advanced methods of freeze-fracture [21] (White 
JG: Private communication with WR, 1981) appeared thus 
required to substantiate eru'ly observations. Also, it apperu'ed 
likely that in an electron microscopic image of a tilted structure 
and/ or in presence of impelfections, the periodic distribution of 
particles may have the escaped visual evaluation. Optical trans-
forms obtained from the labeled sites in some of the illustrations 
of (4) and of (5) revealed diffraction patterns similar to our Fig 
8 and the inserts of Fig 7 of (5). In addition, the periodic 
interrupted spacing of pru·ticles in both leaflets of the "mem-
brane" of the histiocyte granule appeared clearly depicted in 
Plate III, Fig b of T. Tusques and G. Pradal [17] in a thin 
section at high magnification. Interestingly, the core periodicity 
of 11.5 nm in the pathologic histiocyte granule reported without 
standard deviation by these authors compal'ed well with the 
core periodicities measured by us in normal LCGs. However, 
we felt that the common features of LCG and histiocyte gran-
ules observed on optical transforms may indicate a principle of 
similar pruticle packing, rather than being supportive evidence 
for identity of these 2 cell organelles. 
Finally, the optical transform of an image may be calculated 
from digitized densitometry of the image elements, and vice 
versa [11,14]. Thus we were able to approximate closely by 
mathematical Fourier synthesis the density proftle of the EM 
of a cross-sectioned LCG from its digitized optical transform 
using microdensitometry of image elements to derive amplitude 
and phase estimates. In case of incorrect transform interpreta-
tion this would not be possible. 
About the same structural repeats as in the core were found 
in the intermediate space of the LCG indicating that a reduced 
amount of core or membrane-related material is present in this 
area of low electron density. This absurd finding of a core-like 
structural periodicity in the intermediate space was supported 
by microdensitometry directly on EMs. Our two-dimensional 
tracings suggested periodic variations in the low density area 
representing the intermediate space. Also, the published one-
dimensional density proftles by Rodriguez and Caorsi [6] across 
the LCG rod, their Fig 7,8,9 indicate structured density in the 
ru'ea of the intermediate space. In our opinion, the structural 
repeat seen in the intermediate space was rutificial and caused 
by out-of-focus images of core or membrane components in 
deeper levels of the section occurring in the area of the inter-
mediate space from distortion in the LCG structure or slanted 
sectioning or both. Such image faults were imperceptible during 
magnifier-assisted inspection. 
In order to utilize the collected information for our under-
standing of the three-dimensional ultrastructure of the LCG 
the study of horizontal sections was also required. These en 
face views of the LCG were the only ones previously studied by 
others with optical diffractometry, freeze-fracture replicas in a 
case of Letterer Siwe's disease [5] discussed above, and EMs 
from conventional thin-sections of normal skin by M. Lindberg, 
Hebert, and Forslind [7]. The diffractograms published by 
Caputo, Peluchetti, and Monti [5] appeared very clean, whereas 
those of Lindberg et al [7] suffered greatly from avoidable 
pattern obstruction due to rectangular masking of the image 
ru·ea. The overall structure of these spot patterns agreed with 
that of our optical transforms or horizontally sectioned LCGs, 
but the observed ranges of periodicities differed widely among 
these studies. Lindberg et al [7] provided evidence for differ-
ences in periodicity from different tissue fixation, and Caputo, 
Peluchetti, and Monti [5] did not find any changes in periodicity 
comparing freeze-fracture and thin sections. Both authors in-
terpreted their optical transforms as evidence for a paracrys-
tallinic [5] or crystalline-like [7] lattice in the internal structure 
of the LCG and both authors reported superimposition of 2 
lattices having two differing periodicities. We did not share the 
opinion that the degree of regularity in t he array of protein 
particles within the LCG qualifies for comparison to crystals 
because of many signs of structural imperfections found in the 
optical transfoTms at low angle of diffraction. 0'..11' horizontally 
sectioned material gave only slight variations from the period-
icities indicated in Fig 8. The angulru' relation between the 
diffraction maxima was always non-orthogonal, as in t he ma-
terial of Caputo, Peluchetti, and Monti [5]. However, the angles 
had a tremendous range of variation 85.9° ± 40 ° and 60.6° ± 
38°. This, and the occurrence of two sets of lineru' ratios in spot 
separation of slightly larger than 1.0 and 1.4, was believed to 
indicate the frequent occurrence of tilting in the internal struc-
ture of en face viewed LCGs. Such imaging defects were imper-
ceptible to visual inspection of EMs and concealed the true 
structure in these grid-like views of the LCGs. 
Since the optical transform of the "membrane" in cross-
section presented a structure angle of about 30° and since 
values varying ru'ound 60° were associated with at least one 
structure axis in horizontally sectioned LCGs, it was felt that 
their internal structure contained sheet-like arrays of pruticles 
packed in roughly hexagonal order, The diffractograms in the 
inserts of Fig 7 of Caputo, Peluchetti, and Monti [5] could be 
taken as representing tilted projections of a h exagonal array, 
Because the problem of the internal organization of the LCG 
could not be answered with study of more EMs, we used a two-
dimensional model to validate assumed structures from simi-
lru'ity of diffraction patterns. Simulated en face views showed 
spot distributions very much like those of horizontally sectioned 
LCGs, but only if a hexagonal array of tangent disks photo-
graphed at oblique view was used as the diffracting object. The 
best match (Fig 8 and 9A') occurred at about 60° of t il t. This 
high degTee of similarity between the optical transforms indi-
cated similarity of the hexagonal basic array of pru·tides in the 
model and in the grid-like en face views of horizontally sec-
tioned LCGs. No electron microscopic study of the thin sec-
tioned LCG (i.e, 1,2,3,6,22) has distinguished between en (ace 
views of cores or membranes of the non-vesiculru' part. Thus 
they may not be distinguishable in this presentation. Also, all 
our images of en face views of LCGs studied on the optical 
diffractometer showed optical transforms compatible with more 
or less tilted hexagonal arrays of particles. Having shown above 
that the "membrane" had a structural repeat similar to, and of 
428 RUNGE, YOUNGER, AND ZELICKSON 
about the periodicity of the core, we concluded that the particle 
packing in core and "membrane" most likely formed two-di-
mensional arrays based on the same hexagonal geometry rather 
than a three-dimensional lattice. 
With other models representing cross-sectioned LCGs we 
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rI c 10. Model of particle geometry in an idealized Langerhans' ce ll 
granule. The upper drawing shows a three-dimensional artist's view of 
the structural lattice of the rod-shaped part of the LCG, derived from 
opt ical transforms. The axial orientation is indicated in the adjacent 
drawings. Concept A relates to detail of the particle geometry. There 
are 4 layers composed of sheets of hexagonally packed part icles. Two 
of these make up the core. Viewed in cross-section the particles are in 
orthogonal contact. Separated by the " intermediate" space is the single 
sheet of particles of the outer layer, which in relation to the pru·ticles 
of the core are staggered by 1/2 part icle diameter. Concept B, the 
model representa tion of an LCG rod in cross-section, is identical to 
Concept A . The appearance of a double structure in the outer "mem-
brane"; noted on EM as the outer and internal leaflets can be derived 
by tilt of the plane of sectioning around axis y. 
Vol. 77, No. 5 
found as conditions ' for similarity in the type of optical trans-
forms recorded from model and EMs, that the core layer had to 
be composed of pairs of disks stacked in orthogonal contact and 
that a space existed between the "membrane" and the core. 
The first condition corroborated the still disputed existence of 
the paired core layer as described by Wolff [2]. The best match 
between the optical transforms of EMs and two-dimensional 
models of cross-sectioned LCGs was obtained in Fig 2 and 9B 
if the model possessed a single outer layer of particles being 
separated from the orthogonally stacked, paired core layer 
which was laterally displaced by 1/ 2 particle diameter. At-
tempts to explain with two-dimensional models the occurrence 
of the two leaflets of the "membrane" seen on EMs as being a 
projective, partial superposition of successive layers in the 
section Fig 9C, were strongly suggestive. 
Finally combining all our findings and conclusions discussed, 
the three-dimensional model of the LCG shown in Fig 10 was 
developed. The upper drawing represented an artist's view of 
the internal structure of the LCG assuming particles of equal 
size, which may not be correct. This model, derived £l'om optical 
transform work, was very similar to that of Wolff [2,17] based 
on electron microscopic observation. One difference was that 
we were unable to fmd a "uniform" limiting membrane as an 
integral part of the LCG. The other difference was the apparent 
orthogonal geometry of particles in Wolffs drawing. Concept A 
of Fig 10 illustrated the idealized mode of stacking of the sheet-
like pseudohexagonal [12] (roughly hexagonal) arrays of parti-
cles in the LCG, whereas Concept B, Fig 10, intended to show 
how a double structure in the outer membrane on EMs could 
be generated from partial superimposition of sequential layers 
by projective imagery at oblique angle. However, our results in 
this respect were not completely conclusive. Differences in the 
structure of the core, presence of the limiting membrane, the 
number of layers, the orderliness of the structure, its packing 
geometry and the particle types observed distinguished the 
LCG models of Sagebiel-Reed [3] and Rodriguez-Caorsi [6] 
from our three-dimensional model. Comparative analysis of all 
these differences appeared to be beyond the purpose of this 
paper. We therefore conclude that the rod of the epidermal 
LCG probably constituted a stack-like layered structure of 
particles which were packed with pseudohexagonal geometry 
on two-dimensional arrays. A uniform limiting membrane was 
not found in LCGs. The problems of particle shape and of 
resulting differences in the exact dimensions of the arrays of 
particles could not be studied with optical diffractometry in the 
EMs now available. 
Little could be extracted from the optical transform work 
that shed light on the growingly enigmatic origin and fun ction 
of the LCG [2,22-27]. However, the morphologic features of our 
model were suggestive of a storage pile of material elaborated 
in the Langerhans' cell, mostly comprising proteins as also 
suggested by [5]. To compare the type and dimensions of 
particle packing in the LCG with the related [4,25,26] pathologic 
histiocyte granule in Histiocytosis X would be speculation 
because of insufficient data from optical transforms on similax 
material. Such a study was already planned. 
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